Introduction
The treatment of huge craniopharyngiomas, with a diameter of 4 cm or more [21] , represents a therapeutic challenge for the neurosurgeon. Some authors are in favour of a radical tumour removal at the primary surgery [13, 15, 18, 21] ; others suggest subtotal or partial tumour excision followed or not by radiotherapy [2, 6-10, 17, 20] , especially in cases involving the hypothalamic structures on preoperative neuroimaging studies. Multidisciplinary treatment in case of partial tumour removal includes also postoperative brachytherapy [1, 3, 16, 19] and topic antiblastic therapy [4, 14] .
We present a case of a 17-year-old girl who underwent transcranial subtotal removal of a huge predominantly cystic craniopharyngioma followed by early postoperative external fractionated radiotherapy by linear accelerator (LINAC). Serial magnetic resonance imaging (MRI) studies allowed to evaluate the clinical results of such a combined management as well as the behaviour of the residual tumour.
Materials and methods
A 17-year-old girl suffered from oligomenorrhoea and obesity during the last 3 years prior to admission. Since 1 year, diabetes insipidus had also appeared. A marked bilateral decrease in visual acuity and a reduction of the visual field were noted in the last month before diagnosis.
At admission, the ophthalmological examination revealed a visual acuity impairment [1/10 left eye (LE) and 5/10 right eye (RE)] and bitemporal hemianopsia prevalent in the median-upper quadrants, left>right. Body weight was 90 kg and height was 164 cm [body mass index (BMI) 33 kg/m 2 ]. Hormonal study revealed a marked panhypopituitarism, with moderate increase in prolactin secretion (65 ng/ml).
The MRI studies showed a bilateral suprasellar mass, with a maximum diameter of 6 cm, extending behind the sella turcica, into the cisterna interpeduncularis, and in the upward direction close to the foramina of Monro. After administration of contrast medium, two "ring enhancement" of two main cystic formations, left>right, were evident ( Fig. 1) .
Surgical treatment
Through a non-dominant right frontotemporal approach, a microsurgical partial removal of the solid component and a subtotal excision of the cystic components were performed. The cystic membranes were tenaciously adhering to the optic chiasma, to the pituitary stalk and to the diencephalic structures. A tumour remnant with a maximum diameter of 2.5 cm was evident at the postoperative MRI carried out 9 days after the operation (Fig. 2) .
At the discharge, 10 days after the surgical operation, the visual acuity and visual field had improved; in particular, the visual acuity was 5/10 on LE and 7/10 on RE. The Fig. 1 Preoperative post-contrast MRI of the voluminous supradiaphragmatic craniopharyngioma (maximum diameter 6 cm) in sagittal (a) and coronal (b) slices. Two "ring enhancement" of two hypointense cystic formations, left>right, are evident. There is no enlargement of the turcic sella (white arrow) Fig. 2 Postoperative post-contrast MRI in sagittal (a) and coronal (b) slices, performed 9 days after the operation. A tumour remnant with a maximum diameter of 2.5 cm is evident (white arrows) diabetes insipidus had become well controlled by vasopressin administered nasally. No significant changes in the hormonal status as compared with the preoperative phase were apparent. The patient was discharged in good general condition and under appropriate hormonal substitute treatment.
Radiotherapeutic treatment
Nine days after discharge, conventional radiotherapeutic treatment was started by LINAC using a three-field technique (0, 90 and 270°); a total dose of 60 Gy (International Commission of Radiological Units point) was delivered to the target in 30 fractions.
Steroids were given during all courses of radiotherapy. Blood hormonal levels during and after treatment were normal. Hormonal tests carried out 2 months after the end of treatment showed that hypopituitarism was stationary.
Observations and results
Three months after the completion of radiotherapy, the patient was in excellent general condition. The visual acuity and visual field defects were within the normal limits. The diabetes insipidus persisted, but it was easily controlled with medications (one application of rhinal spray desmopressin in the morning and one in the evening). Hypopituitarism was not significantly modified. Obesity was unchanged in comparison to the preoperative status.
One year after the end of radiotherapy, the MRI showed an evident reduction in size of the tumour remnant (Fig. 3) . The patient had lost 10 kg in body weight (BMI 29.74 kg/ m 2 ), and the endocrine disorders were better controlled with medications.
Two and a half years after the end of radiotherapy, a further reduction of the residual tumour was evident at MRI: the cystic component was absent (Fig. 4) . The patient had lost further 10 kg in weight (BMI 26 kg/m 2 ). Hypopituitarism required low doses of substituted hormones. The amount of vasopressin required to control the diabetes insipidus was also reduced (one single application of rhinal spray desmopressin).
An MRI obtained 4 years after the end of radiotherapy demonstrated a further slight reduction of the solid tumour remnant (Fig. 5) . The patient was in excellent general condition, and she had lost 20 kg of weight since operation (BMI 26 kg/m 2 ). She was no longer dependent on hormonal substitution 5 years after the completion of the radiotherapeutic treatment, except for dysmenorrhoea and diabetes insipidus.
At present, the radiological and clinical conditions are stationary. The patient is a healthy girl who works as a tennis instructor in a sporting club (Fig. 6 ).
Discussion and conclusions
Surgical strategies of craniopharyngiomas are a controversially discussed argument. Especially in case of large tumours, the complete excision might be associated with a high mortality [21] . In long-term survivors, the quality of postoperative life after radical removal is unsatisfactory in many cases [8] [9] [10] [11] [12] . A further argument against total surgical tumour excision associated with high mortality and morbidity is that the "total" surgical removal does not prevent the possibility of local relapse [5] [6] [7] , even in patients without any residual tumour on postoperative MRI. Accordingly, some neurosurgeons [2, 7-9, 12, 20] suggest subtotal or partial tumour removal as the best therapeutic option, at least in cases of huge craniopharyngiomas. Limited surgery aims at reducing the risk of mortality and the severity of the postoperative complications. In case of subtotal or partial tumoural excision, several authors recommended conventional postoperative radiotherapy on the tumour remnants [2, [7] [8] [9] . In patients with residual cystic component, the direct or stereotaxic aspiration of the liquid content of tumour cyst, possibly associated with intracavitary brachytherapy [3, 16, 19] or bleomycin instillation [4, 14] , was the more commonly adopted associated therapeutic manoeuvre.
The main limit of these therapeutic tools is their potentially harmful effect on the optic pathways and the pituitary-diencephalic structures. However, nowadays, such complications are significantly reduced due to new and improved modalities of radiation administration.
Our reported case indicates that excellent results may be achieved by the combination of partial tumour removal and radiotherapy, as demonstrated by the progressive complete recovery of visual deficits and by the marked regression of the pituitary-diencepalic dysfunction, which took place Fig. 6 The patient, 5 years after the completion of the multimodality treatment during and after the radiotherapeutic treatment as well as by the progressive reduction in size of the tumour remnant.
In conclusion, it should be discussed whether a strategy of subtotal removal and postoperative radiotherapy of craniopharyngioma should be adopted as first-line treatment in difficult cases, namely, in patients with preoperative hypothalamic involvement. Such a deliberate policy is obviously in contrast to the frequently chosen strategy of "radical" tumour removal, followed by radiotherapy.
Based on our reported case, we speculate that in patients with large tumours extending to suprasellar areas, limited surgical strategies followed by external fractionated irradiation might have more beneficial effects on long-term prognosis than radical surgical approaches.
